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Abstract
Brassica juncea glyoxalase I (S-lactoylglutathione-lyase, EC 4.4.1.5) is a 56 kDa, heterodimeric protein. It requires
magnesium (Mg2) for its optimal activity. In this report we provide biochemical evidence for modulation of glyoxalase I
activity by calcium/calmodulin (Ca2/CaM). In the presence of Ca2 glyoxalase I showed a significant (2.6-fold) increase in
its activity. It also showed a Ca2 dependent mobility shift on denaturing gels. Its Ca2 binding was confirmed by Chelex-100
assay and gel overlays using 45CaCl2. Glyoxalase I was activated by over 7-fold in the presence of Ca2 (25 WM) and CaM
(145 nM) and this stimulation was blocked by the CaM antibodies and a CaM inhibitor, trifluroperazine (150 WM).
Glyoxalase I binds to a CaM-Sepharose column and was eluted by EGTA. The eluted protein fractions also showed
stimulation by CaM. The stimulation of glyoxalase I activity by CaM was maximum in the presence of Mg2 and Ca2 ;
however, magnesium alone also showed glyoxalase I activation by CaM. ß 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction
Ca2 is involved in a number of physiological re-
sponses in plants and its role as a second messenger
in signal transduction pathways is well de¢ned [1,2].
An increase in cytosolic Ca2 by a number of exog-
enous factors and its involvement in a variety of
environmental stress conditions like hypoxia, temper-
ature shock, water stress and phytohormones have
been shown [3,4]. The Ca2 signal is transduced by
its ability to bind to speci¢c target proteins; the most
important of these are the protein kinases [5].
Besides processing the signal via protein kinases,
Ca2 binds to calcium binding proteins (CaBPs) like
calmodulin (CaM; a ubiquitous Ca2 binding pro-
tein) and then modulates the activity of various other
proteins [6]. In plants, only a few such proteins have
been identi¢ed, viz. Ca2-ATPase [7], glutamate de-
hydrogenase (GDH) [8], NAD kinase [9], NTPase
[10], Quinate NAD oxidoreductase [11] and gluta-
mate decarboxylase (GAD) [12]. Recently, in Arabi-
dopsis a kinesin-like calmodulin binding protein was
found to be modulated by Ca2/CaM [13] and it was
found to be associated with microtubules in the di-
viding cells [14]. In the present report we provide
biochemical evidence for the regulation of Brassica
glyoxalase I by Ca2 and CaM.
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Glyoxalase I converts a spontaneously formed ad-
duct of methylglyoxal (MG), a cytostatic (at low
concentrations) and cytotoxic (at high concentra-
tions) ketoaldehyde and reduced glutathione (the co-
factor) to S-D-lactoyl GSH which is converted to D-
lactic acid by glyoxalase II. As the enzyme removes
the toxic oxo-aldehydes it is thought to be involved
in detoxi¢cation [16]. Glyoxalase I has been puri¢ed
and extensively studied from microbial and animal
systems [15,16].
In plants glyoxalase I has also been puri¢ed [17,18]
and its gene has been cloned [19], but detailed bio-
chemical characterisation of the enzyme is lacking.
We have earlier puri¢ed the enzyme from Brassica
juncea and reported some of its biochemical proper-
ties [17]. Previously we have investigated the modu-
lation of glyoxalase I activity by exogenous factors
like light and phytohormones and a positive correla-
tion in cell growth and glyoxalase I activity was ob-
served. Besides cell division inhibitors like colchicine
and vinblastine [20] decreased the cell proliferation
and the enzyme glyoxalase I. A rapid (within mi-
nutes) and signi¢cant activation of B. juncea glyox-
alase I activity under water (caused by di¡erent PEG
concentrations) and low temperature (4‡C) stress was
observed [21]. Later, tomato glyoxalase I transcript
up-regulation under stress was also shown [19].
These studies therefore suggest a possible involve-
ment of glyoxalase I in stress and cell proliferation;
however, the mechanism of regulation of the enzyme
in response to exogenous factors is not known. Ear-
lier it was indicated that Ca2 and CaM may be
involved in light mediated regulation of glyoxalase
I activity [22,23]. In view of this and the role of
Ca2 and CaM in cell division [24] and stress re-
sponses [4] we examined the modulation of enzyme
activity of puri¢ed glyoxalase I in vitro by Ca2 and
CaM.
2. Materials and methods
2.1. Plant materials, growth conditions and chemicals
Seeds of B. juncea (Pusa bold) were obtained from
the Indian Agriculture Research Institute, New Del-
hi. The seeds were sterilised with 0.02% mercuric
chloride, soaked in distilled water for 12 h and plated
on germination paper in plastic trays kept at
25 þ 2‡C under white light obtained from £uorescent
tubes (1200 WW). S-Hexyl GSH agarose, S-hexyl
GSH, reduced GSH, MG, tri£uroperazine (TFP),
bovine CaM, bovine CaM antibodies and stains
were all purchased from Sigma (USA). The standard
proteins for SDS-PAGE and CaM-Sepharose were
purchased from Pharmacia. All other chemicals
used were of AR grade.
2.2. Extraction, puri¢cation and activity assay for
glyoxalase I
Extraction of the enzyme was done in 1:2 (w/v)
ratio in sodium phosphate bu¡er (0.1 M, pH 7.0)
containing glycerol (50%), PMSF (2.5 mM) and
magnesium sulphate (16 mM) as described [17]. For
puri¢cation, hypocotyl and cotyledonary leaves were
harvested and frozen in liquid nitrogen. The activity
was enriched by ammonium sulphate precipitation
and puri¢ed using an a⁄nity column as described
earlier [17]. For enzyme activity measurement, 40%
aqueous solution of MG (Sigma) was steam distilled
and used [25]. The activity was assayed in assay mix-
ture (1 ml) containing 0.1 M Tris (pH 7.5), 2.5%
stock of distilled MG, 3.0 mM GSH and magnesium
chloride (16 mM). After the addition of the enzyme,
the formation of the product, S-D-lactoyl was meas-
ured at 240 nm using a Shimadzu UV-260 spectro-
photometer at 25‡C. The change in the absorbance
was recorded for a minimum of 3 min and converted
to enzyme units using the extinction coe⁄cient (3370)
of the product [26]. One enzyme unit is the amount
of enzyme catalysing the formation of 1 Wmole of the
product per min [26]. To study the e¡ect of Ca2 and
CaM on the enzyme activity, the protein was pre-
incubated with di¡erent concentrations of Ca2 (0^
250 WM, in the presence of 200 WM EGTA) and
CaM (29^290 nM or 0.5^5 Wg). The free calcium
concentrations were calculated according to Sillen
and Martell [27] using a value of 7.83 for log k
with EGTA for calcium. The activity was assayed
either in presence or absence of MgCl2.
2.3. CaM-Sepharose chromatography
After dialysing puri¢ed glyoxalase I (1.5 mg/ml)
against the equilibration bu¡er (20 mM Tris pH
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7.5, 1 mM imidazole, 1 mM magnesium acetate, 0.1
mM calcium chloride and 10 mM DTT), it was
loaded by the batch absorption method, overnight
at 4‡C, with equilibrated CaM-Sepharose beads
which were later packed into a column (1U5 cm).
The column was washed with 10 column volumes of
the equilibration bu¡er. Elution was done with the
same bu¡er containing EGTA (1 mM) instead of
Ca2. The fractions were dialysed against 20 mM
Tris (pH 7.5) containing 10% glycerol and 10 mM
DTT.
2.4. Chelex assay, dot blot, gel overlay and
autoradiography
The Chelex-100 Ca2 binding assay is based on the
ability of the Ca2 binding proteins to compete with
radioactive Ca2 from Chelex-100 resin (Bio-Rad), a
chelating agent with high speci¢city towards divalent
cations [28]. The resin was washed with 1 M HCl and
adjusted to pH 7.5 (with NaOH). The resin was
equilibrated with 100 mM Tris-Cl (pH 7.5) and sus-
pended in a ratio of 1:10 (w/v). For one reaction,
0.2 WCi/ml 45Ca2 (29.08 mCi/mg, Dupont, NEN)
was used. The radioactive Ca2 was added to the
protein along with 25 Wl Chelex and incubated at
room temperature on a shaker. The mixture was cen-
trifuged at 3000Ug for 5 min and 0.1 ml supernatant
was checked for the incorporated counts in a Reck-
beta scintillation counter. The control fraction had
all the components except the protein. The control
counts were subtracted from the experimental counts
to get the net counts incorporated in the protein. The
samples were blotted on the nitrocellulose membrane
using a dot blot apparatus. The blot was washed
twice before as well as after loading the protein
with 50 mM Tris (pH 7.5) containing 60 mM KCl
and 2.5 mM MgCl2. It was stained with Ponceau-S
to check the amount of protein. The blot was dried
and exposed for 3^4 days to Kodak XAR-5 ¢lms at
room temperature. Overlay with calcium-45 was
done following [29]. Brie£y, after transferring the
protein (approx. 3 Wg) to the nitrocellulose mem-
brane it was washed with Tris bu¡er (50 mM, pH
7.5) containing 60 mM KCl, 2.5 mM MgCl2 and 2.5
mM EGTA. It was incubated with calcium-45 (1
mCi/l) for 5 min, washed twice for 5 min and ex-
posed at room temperature for 15 days.
2.5. Electrophoretic separation and protein estimation
Protein samples to be analysed were boiled in so-
dium dodecyl sulphate sample bu¡er [30] and electro-
phoresed on 12.5% SDS-PAGE gel and stained with
Coomassie brilliant blue for studying the mobility
shift but for the calcium-45 overlay glyoxalase I
and BSA were resolved on a 10% SDS-PAGE gel
and transferred to a nitrocellulose membrane. Pro-
tein was estimated by Bradford’s method [31] using
BSA (fraction V) as a standard protein.
3. Results
3.1. Glyoxalase I is a Ca2+ stimulated and Ca2+
binding protein
Glyoxalase I was puri¢ed from B. juncea following
our earlier protocol [17]. The CD spectrum showed it
to be a predominantly K-helical protein [25] requiring
Mg2 for its optimum catalytic activity [17]. The ef-
fect of Ca2 (in the absence of Mg2) was checked
on the crude and puri¢ed glyoxalase I. In the crude
extract Ca2 showed some stimulation at 150 WM
(4.4U1038 M, free calcium) and maximum stimula-
tion was observed at 200 WM (1.7U1036 M). Higher
concentrations were inhibitory for the enzyme (Fig.
1A). Puri¢ed glyoxalase I was activated by 2.6-fold
at 25 WM (2.1U1039 M) calcium (Fig. 1B).
As Ca2 stimulated glyoxalase I activity in vitro
the binding of protein to Ca2 was checked by three
di¡erent methods. A mobility shift of 2 kDa and of
1.5 kDa was observed in upper and lower polypep-
tides of glyoxalase I when separated on a 12.5%
SDS-PAGE gel in the presence or absence of Ca2
(Fig. 2A). Mg2, another divalent cation, which is
shown to stimulate glyoxalase I activity did not cause
any shift in the mobility of glyoxalase I (data not
shown). To con¢rm Ca2 binding, Chelex assay
was also done with puri¢ed glyoxalase I (5^40
nM). CaM (a positive control), BSA (a negative con-
trol) and a sample without protein (another negative
control) were used as necessary controls. The enzyme
did not show much di¡erence in the binding when
used at 0.2 and 0.6 Wg protein concentrations; how-
ever, at higher concentrations the Ca2 incorporation
increased from 33% to 50% (Fig. 2B). The dot blot
BBAMCR 14477 29-6-99
R. Deswal, S.K. Sopory / Biochimica et Biophysica Acta 1450 (1999) 460^467462
assays of the same fractions (with 8-fold higher
amount of protein) showed a clear correlation in
Ca2 binding and amount of protein used for bind-
ing as evident from the autoradiograph of the blot.
The intensity of the signal increased linearly with an
increase in the quantity of the protein from 1.6 to
12.8 Wg (Fig. 2B inset). As the Chelex-100 assay was
not very sensitive and also to con¢rm calcium bind-
ing to glyoxalase I, gel overlay with calcium-45 was
done. The autoradiogram showed a clear signal at a
position corresponding to glyoxalase I on the blot
(Fig. 2C). BSA (10 Wg) did not show any binding
with calcium-45 suggesting the speci¢c binding of
calcium to Brassica glyoxalase I. Besides, when we
stained puri¢ed glyoxalase I with Stains All it stained
blue, a characteristic feature for calcium binding pro-
teins (data not shown).
3.2. Modulation of glyoxalase I activity by CaM
Addition of CaM in the presence of optimum
Ca2 (25 WM, 2.1U1039 M) showed a linear increase
in the glyoxalase I activity with increase in the con-
centration of CaM (Fig. 3A). CaM stimulated to
about 7-fold at 2.5 Wg (145 nM) in the presence of
calcium as compared to the control without calcium
(Fig. 3B, columns A and C). The stimulation ob-
tained by CaM was brought back to the basal level
on the addition of CaM antibodies (5 Wl from the
stock) and TFP (150 WM), an antipsychotic pheno-
thiazine drug known to inhibit CaM dependent proc-
esses. CaM stimulated the glyoxalase I activity by
2.7-fold over and above calcium (Fig. 3B, columns
B and C). CaM did not a¡ect the enzyme activity in
the presence of Mg2 at concentrations equimolar to
calcium; however, when 16 mM Mg2 was used (a
concentration which gives optimum activity under
normal assay conditions) the stimulation obtained
in presence of Ca2/CaM slightly increased further
to 7.9-fold at 29 nM CaM (the optimum in the pres-
ence of magnesium) compared to the control without
cations (Fig. 3B, columns A and E). Magnesium
alone showed 2-fold stimulation (Fig. 3B, column
D). In the presence of both the cations CaM showed
total 12.6-fold stimulation (Fig. 3B, columns A and
G). Both the cations showed 2.9-fold stimulation as
compared to the sample without any exogenous ad-
dition of cations (Fig. 3B, columns A and F). The
Fig. 1. Stimulation of glyoxalase I activity by Ca2. (A) Glyox-
alase I activity was assayed in the supernatant (obtained after
centrifugation at 15 000 rpm) from 7 day old light grown B.
juncea seedlings in di¡erent concentrations (0^250 WM and 200
WM EGTA) of Ca2. Values are plotted from three sets of ex-
periments. The standard deviation was from 0.02 to 0.05. (B)
Stimulation of puri¢ed glyoxalase I by Ca2 (0^100 WM and
200 WM EGTA). An equal amount of puri¢ed glyoxalase I was
incubated with Ca2 and the enzyme activity was measured in
presence of MG (2.5% v/v) and reduced GSH (3 mM). The
S.D. values varied from 4 to 9 units. For calculating free calci-
um concentrations the method of Sillen and Martell [27] was
used. The broken lines show the maximum and half-maximum
stimulation in the presence of calcium.
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activation by CaM was found to be dose dependent
and was inhibited by CaM antibodies and TFP
under all the assay conditions. Higher CaM concen-
trations were found to be inhibitory.
3.3. Glyoxalase I binding to CaM-Sepharose and
separation of isoforms
To ¢nd out whether glyoxalase I binds to CaM,
glyoxalase I (0.25 ml) was loaded onto a CaM-
Sepharose (1U5 cm) column by batch absorption
in the binding bu¡er. The column was washed with
10 column volumes of the bu¡er and the enzyme
was eluted with the same bu¡er containing 1 mM
EGTA. The ¢rst protein and the coinciding glyoxa-
lase I activity peak eluted in the very ¢rst fraction
(1 ml) while the second glyoxalase I activity peak
eluted in fraction 7. The two peak fractions were
run on a denaturing 12.5% gel. In both the fractions
two bands were detected at a similar position corre-
sponding to glyoxalase I (data not shown). Both
fractions were dialysed and the enzyme activity was
tested in the presence of CaM. Calcium alone
showed a stimulation of about 3-fold and 2-fold in
the respective fractions. A stimulation of 2-fold and
2.5-fold by CaM (145 nM) over and above the stim-
Fig. 2. Gel shift, Chelex assay and gel overlay with puri¢ed glyoxalase I to study its Ca2 binding. (A) Electrophoretogram of 12.5%
SDS gel showing the mobility shift observed in both the polypeptides of glyoxalase I in the absence or presence of Ca2. Lanes: 1,
marker proteins; 2, glyoxalase I with EGTA (2 mM); 3, glyoxalase I with Ca2 (2 mM). (B) Chelex-100 assay using 45CaCl2 to check
the incorporation of Ca2 in glyoxalase I. Glyoxalase I (puri¢ed, 5^40 nM) was incubated with 45CaCl2 (0.2 WCi/ml) in the presence
of equilibrated Chelex-100 (25 Wl). Net counts, i.e. the counts in experimental samples3the counts in control, were plotted. The inset
shows the autoradiogram of the samples blotted on the nitrocellulose membrane at 40, 80, 160 and 320 nM glyoxalase I concentration
respectively. (C) Autoradiogram showing direct binding of glyoxalase I to calcium-45. Puri¢ed glyoxalase I (3 Wg) and BSA (10 Wg)
were resolved on a 10% SDS-PAGE gel, transferred and processed as described in Section 2. The ¢gure shows the glyoxalase I con-
taining lane only.
Table 1
Fractionation of Brassica glyoxalase I on CaM-Sepharose col-
umn
Total Flowthrough Fraction 1 Fraction 7
Activitya (units) 40 5 16 13
Protein (Wg) 4 0.5 1.8 1.7
aActivity refers to glyoxalase I activity in the absence of magne-
sium and calcium.
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ulation obtained with calcium was achieved in frac-
tion 1 and 7, respectively (Fig. 4). The CaM-Sephar-
ose column bound 72.5% of total glyoxalase I activ-
ity which was eluted in two di¡erent fractions (Table
1).
4. Discussion
Plant glyoxalase I is relatively less studied than its
microbial and mammalian counterparts. We have
earlier puri¢ed glyoxalase I from B. juncea to homo-
geneity and partially characterised the enzyme at the
biochemical [17], immunochemical and molecular
level [25]. In the present study we provide biochem-
ical evidence for in vitro modulation of B. juncea
glyoxalase I activity by Ca2 and CaM.
Earlier di¡erent plant enzymes have been shown to
be regulated by Ca2 and CaM [6]. The K0:5 Ca2
was found to be 5^10 and 7^11 WM for Ca2-ATPase
[7] and GAD [12] respectively. In the present study
we found it to be 4^5 WM for Brassica glyoxalase I
(Fig. 1B). The CaM concentrations required for the
stimulation was 0.1 WM for NAD kinase [9], 20^
30 nM for NTPase [10], 160^175 nM for Ca2-ATP-
ase [7] and 25 nM for GAD [12]. It was 29 (in the
presence of Mg2) and 145 nM (in the presence of
Ca2 and Mg2) for Brassica glyoxalase I which was
very close to Ca2-ATPase. Our results show that the
Ca2 (in nM^WM range) and CaM (in nM range)
concentrations required for the activation of glyoxa-
Fig. 4. Stimulation of glyoxalase I activity by CaM (145 nM)
in dialysed CaM column peak fractions 1 and 7, in the presence
of Ca2 (25 WM and 200 WM EGTA) and Mg2 (16 mM). The
variation in activity as checked for the fractions from two dif-
ferent sets in triplicate was less than 2%.
Fig. 3. (A) Stimulation of glyoxalase I by CaM (0^3.5 Wg, or
0^290 nM) in the presence of Ca2 (25 WM and 200 WM
EGTA). Puri¢ed glyoxalase I was assayed in the above men-
tioned concentrations of CaM and Ca2 in Tris bu¡er 0.1 M,
pH 7.5 containing MG 2.5% (v/v) and reduced GSH (3 mM).
(B) Glyoxalase I activity without any cations (A), in the pres-
ence of Ca2 (B), in the presence of Ca2 and CaM (C), in the
presence of Mg2 (D), in the presence of both Mg2 and CaM
(E), in the presence of Ca2 and Mg2 (F), and in the presence
of Ca2, Mg2 and CaM (G). R, glyoxalase I activity in the
presence of TFP; F, activity in the presence of CaM antibodies
(5 Wl from the stock of bovine anti-CaM antibodies from Sigma
with concentration of 51.0 by Biuret). The S.D. values calcu-
lated from three sets of experiments varied from 0.05 to 1 unit.
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lase I were in the physiological range and the total
stimulation (over 6^12-fold) including the activation
by the divalent cations was also signi¢cant and com-
parable to that for the other Ca2/CaM stimulated
proteins. The glyoxalase I activity was stimulated by
Ca2 even in the absence of CaM as observed in case
of glutamate decarboxylase [12]. Our data do show
direct binding of calcium to glyoxalase I in native (as
evident by Chelex assay) as well as in the denatured
form (as observed by gel shift). Both the subunits of
glyoxalase I showed di¡erent mobilities on the denat-
uring gel and hence di¡erent a⁄nities for Ca2 which
makes one polypeptide relatively more hydrophilic
resulting in faster mobility on the gel in comparison
to the other polypeptide. This di¡erential behaviour
of calcium binding has been reported recently for
di¡erent isoenzymes of diacylglycerol kinase [32].
The direct calcium binding was also con¢rmed by
gel overlay using calcium-45.
Although we observed CaM mediated activation
of glyoxalase I in the presence of Ca2 and Ca2
and Mg2, yet stimulation in the presence of Mg2
alone was also observed though at millimolar con-
centrations. Such in vitro activation of the enzyme
activity by CaM at high Mg2 concentrations has in
fact been reported for pea nuclei ATPase [6]. As
mentioned above the K0:5 Ca2 and CaM concentra-
tions were also similar to that of Ca2-ATPase.
Although the exact nature of CaM stimulation in
the presence of Mg2 is not clear, binding of Mg2
to CaM was recently shown in vitro [33]. It was also
shown that Mg2 could act as an allosteric e¡ector.
Studies have also demonstrated that all the four sites
of CaM can bind Ca2 and Mg2 competitively [34].
At higher (in mM range, the physiological concen-
trations) Mg2 concentrations, these sites are occu-
pied by Mg2 which helps in stabilising the structure
of the protein [34] while the Ca2 site is involved in
the regulatory functions. In case of B. juncea glyox-
alase I we have shown that binding of Mg2 makes
the enzyme more helical [25]. This probably makes
glyoxalase I a better target for CaM binding and
stimulation. It has been shown that proteins showing
a tendency to form basic K-helix are better targets
and the helical content of Ca2 and CaM binding
proteins increases on binding to Ca2 [35] and
CaM [36]. The data presented in the present report
indicate an additive e¡ect of CaM stimulation in the
presence of both Ca2 and Mg2. The fractions
eluted from CaM-Sepharose also showed a similar
trend, although the extent of stimulation was some-
what lower. This could be due to the separation of
the isoforms by the CaM-Sepharose chromatogra-
phy. Probably a physical interaction between both
the forms is required to give the additive e¡ect which
was observed when the enzyme was assayed before
passing it through the CaM-Sepharose column (Fig.
3A,B). Once the two forms are separated the extent
of stimulation by CaM is lowered (Fig. 4). Reconsti-
tution studies with the isoforms could be helpful in
explaining the additive stimulation obtained with the
holoenzyme. Another observation which needs ex-
planation is an inhibitory e¡ect of higher CaM con-
centration on glyoxalase I activity. It has been ob-
served that higher CaM concentrations reduce Ca2
and Mg2 binding to CaM [37]. Therefore at high
CaM concentration less ions are bound to CaM.
This sub-optimal binding of ions might be a¡ecting
its interaction with glyoxalase I leading to its lesser
activation. The mechanism of the molecular interac-
tion between cations (Ca2 and Mg2), glyoxalase I
and CaM is not clear from the present data. We can
nevertheless conclude that Ca2 (present study) and
Mg2 [17] stimulate glyoxalase activity and bind to it
[25]. CaM as we show also binds to the protein and
modulates its activity in the presence of Ca2 and
Mg2. It seems that there may be di¡erent isoforms
of glyoxalase I. In the present study we could elute
two di¡erent glyoxalase I activities from the CaM-
Sepharose column showing di¡erential stimulation
by Mg2 and Ca2.
It has been shown that glyoxalase I is involved in
cell proliferation [18]. Its activity [21] and transcript
[19] are modulated by stress. The Ca2/CaM signal-
ling pathway has been shown to be important for cell
division [24] and Ca2 has been shown to be involved
in stress signalling also [4]. Besides we have shown
earlier that light irradiation [22] as well as exogenous
calcium addition [23] modulate glyoxalase I activity.
It was also shown that CaM inhibitors inhibited the
enzyme activity as well as growth of calli in vitro
[23]. This again suggested that all the three parame-
ters could be related. As mentioned earlier Ca2 can
modulate the activity of proteins either via involve-
ment of calcium/calmodulin stimulated kinases or
directly via the Ca2/CaM pathway. The ¢rst mode
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of regulation was observed in yeast, where glyoxalase
I activity increased in a cell extract after treating it
with the extract of mating factor treated cells of the
opposite sex during pheromone mediated sexual dif-
ferentiation [38]. Ca2 intake and the amount of
some CaM binding proteins also increased, suggest-
ing an involvement of Ca2 CaM dependent kin-
ase(s) in the process. Later glyoxalase I was shown
to be phosphorylated in the same process [39], sug-
gesting that glyoxalase I serves as a substrate for
some kinases which are activated during the process.
In the present report we have shown the direct acti-
vation of B. juncea glyoxalase I by the Ca2/CaM
pathway.
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